The inverse Weibull distribution can be readily applied to a wide range of situations including applications in medicine, reliability and ecology. In this article we introduce a new model of generalized inverse Weibull distribution referred to as the Exponentiated generalized inverse distribution. We provide a comprehensive mathematical treatment of this distribution. We derive the moment generating function and the rth moment thus generalizing some results in the literature. Expressions for the density, moment generating function and rth moment of the order statistics also are obtained. We discuss estimation of the parameters by maximum likelihood and provide the information matrix
Introduction and Motivation
Statistical distributions are very useful in describing and predicting real world phenomena. Although many distributions have been developed, there are always rooms for developing distributions which are either more flexible or for fitting specific real world scenarios. This has motivated researchers seeking and developing new and more flexible distributions. As a result, many new distributions have been developed and studied. Mudholkar and Srivastava (1993) This equation is simply the power of the standard exponential cumulative distribution. For a full discussion and some of its mathematical properties, see Gupta and Kundu (2001) . In a similar manner, Nadarajah and Kotz (2006) proposed the exponentiated gamma, exponentiated Fré chet and exponentiated Gumbel distributions, although the way they defined the cdf of the last two distributions is slightly different. The baseline distribution ) (x G is clearly a special case of (1.1) when 1     . Setting 1   gives the exponentiated type distributions de ned by Gupta et al. (1998) . Further, the exponentiated exponential and exponentiated gamma distributions are obtained by taking ) (x G to be the exponential and gamma cumulative distributions, respectively. For 1   and if ) (x G is the Gumbel and Fréchet cumulative distributions, we obtain the exponentiated Gumbel and exponentiated Fréchet distributions, respectively, as defined by Nadarajah and Kotz (2006) . Thus, the class of distributions (1.1) extends both exponentiated type distributions. The probability density function (pdf) of the new class has the form
The exponentiated generalized ) (EG family of densities (1.2) allows for greater exibility of its tails and can be widely applied in many areas of engineering and biology. Note that even if ) (x g is a symmetric distribution, the distribution ) (x f will not be a symmetric distribution. The two extra parameters in (1.2) can control both tail weights and possibly adding entropy to the center of the EG density function. ( Lehmann, 1953) . Clearly, the double construction
generates the EG class of distributions. The derivations of several properties of the EG class can be facilitated by this double transformation. The class of EG distributions shares an attractive physical interpretation whenever and are positive integers. Consider a device made of independent components in a parallel system. Furthermore, each component is made of independent subcomponents identically distributed according to ) (x G in a series system. The device fails if all components fail and each component fail if any subcomponent fails. Let 
So, the lifetime of the device obeys the EG family of distributions. In this paper, we propose a new distribution based on the EG family, called Exponentiated Generalized Inverse Weibull ) (EGIW distribution. The inverse Weibull distribution is another life time probability distribution which can be used in the reliability engineering discipline. It can be used to model a variety of failure characteristics such as infant mortality, useful life and wear-out periods. It can also be used to determine the cost effectiveness, maintenance periods of reliability centered mainten-ance activities and applications in medicine, reliability and ecology. Keller and Kanath (1982) introduced the use of the inverse Weibull distribution as a suitable model to describe the degeneration phenomena of mechanical components such as the dynamic components (pistons, crankshaft, etc.) of diesel engines. The inverse Weibull distribution also provides a good fit to several data such as the times to breakdown of an insulating fluid, subject to the action of constant tension; see Nelson (1982) . Calabria and Pulcini (1990) discussed the maximum likelihood and least squares estimation of its parameters. Calabria and Pulcini (1994) considered Bayes 2-sample prediction of the distribution. The random variable X has an inverse Weibull distribution if its cumulative distribution function (cdf) takes the form
Where  is scale parameter and  is shape parameter. The corresponding probability density function (pdf) is
The inverse Weibull distribution is also a limiting distribution of the largest order statistics. Drapella (1993) and Mudholkar and Kollia (1994) suggested the names complementary Weibull and reciprocal Weibull for the distribution (1.4).
The rest of the paper is organized as follows. In Section 2, we define the EGIW distribution, discuss some special sub-models and provide its cumulative distribution function (cdf), the probability density function (pdf) and the hazard function. A formula for generating EGIW random samples from the EGIW distribution is given in Section 2. Section 3 discusses some important statistical properties of the EGIW distribution a such as the quantile, the ordinary moments and measures of skewness and kurtosis. The distribution of the order statistics is expressed in Section 4 . Maximum likelihood estimates of the four parameter index to the distribution are presented in Section 5. Applications to three real data sets are performed in Section 6.
Exponentiated Generalized Inverse Weibull Distribution
In this section, we introduce the four-parameter Exponentiated Generalized Inverse Weibull ) (EGIW distribution. Using (1.3) in (1.1), the cdf of the ) (EGIW distribution can be written as
The pdf of the new distribution can be written as , then we get the inverse exponential distribution.
Exponentiated generalized inverse Weibull distribution
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Expansions for the Cumulative and Density Functions
In this subsection, we present some representations of cdf and pdf of ) (EGIW . Equations (2.1) and (2.2) are straightforward to compute using any software with algebraic facilities. The mathematical relation given below will be useful in this subsection. If b is a positive real non integer and , 1  z we consider the power series expansion
Applying (2.4) in (1.1) and using the binomial expansion for a positive real power yields
And
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Statistical Properties
This section is devoted to studying statistical properties of the ) (EGIW distribution, specifically quantile function, moments and moment generating function.
Quantile Function and Median
The quantile function corresponding to (2.1) is 
Moments
In this subsection we discuss the th r moment for ) (EGIW distribution. Moments are necessary and important in any statistical analysis, especially in applications. It can be used to study the most important features and characteristics of a distribution (e.g., tendency, dispersion, skewness and kurtosis).
Theorem (3.1).
then the th r moment of X is given by the following Based on the first four moments of the ) (EGIW distribution, we present the shortcomings of the classical kurtosis measure are well-known. There are many heavy tailed distributions for which this measure is infinite. So, it becomes uninformative precisely when it needs to be. The Bowley skewness (Kenney and Keeping, 1962 ) is based on quartiles 
Moment generating function
In this subsection, we derived the moment generating function of ) (EGIW distribution.
Theorem (3.2):
If X has ) (EGIW distribution, then the moment generating function ) (t M X has the following form
We start with the well-known definition of the moment generating function given by 
Order Statistics
In this section, we derive closed form expressions for the pdfs of the th i order statistic of the ) (EGIW distribution; also, the measures of skewness and kurtosis of the distribution of the th i order statistic in a sample of size n for different choices of i n; are presented in this section. Let 
are the cdf and pdf of the EGIW distribution given by (2.1) and (2.2) respectively, and (.,.) B is the beta function. We have
again applying (2.5) to the last term , we get 
Exponentiated generalized inverse Weibull distribution
The log-likelihood can be maximized either directly or by solving the nonlinear likelihood equations obtained by differentiating (5.1). The components of the score vector are given by We can find the estimates of the unknown parameters by maximum likelihood method by setting these above non-linear equations (5.2) -(5.5) to zero and solve them simultaneously. Therefore, we have to use mathematical package to get the MLE of the unknown parameters. Therefore, we have to use mathematical package to get the MLE of the unknown parameters. Also, all the second order derivatives exist. Thus we have the inverse dispersion matrix is given by 
By solving this inverse dispersion matrix these solutions will yield asymptotic variance and covariances of these ML estimators for , , and . Using (5. 
Application
In this section, the flexibility and potentiality of the EGIW distribution are examined using three real data sets. We provide an application of the EGIW distribution and their sub-models: generalized inverse Weibull and inverse Weibull distributions. The first data set given by Lee and Wang (2003) From table 1, we observe that the EGIW distribution is a competitive distribution compared with other distributions. In fact, based on the values of the AIC and BIC criteria as well as the value of the KS -statistic, we observe that the EGIW distribution provides the best fit for these data among all the models considered.
